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In this work we study the effects of anomalous tcZ couplings. Such couplings would potentially
affect several neutral current decays of K and B mesons via Z-penguin diagrams. Using constraints
from relevant observables in K and B sectors, we find that the 2σ upper bound on the branching
ratio of B(t → cZ) is 1.56 × 10−5 for real coupling and 2.14 × 10−4 for complex coupling. The
current experimental upper bound from ATLAS collaboration on the branching ratio of t → cZ is
2.4 × 10−4 at 95% C.L. Hence the possibility of observation of t → cZ decay at the level of 10−4
would imply the anomalous couplings to be complex. Such complex couplings should also show up
its presence in other related decays. We find that an order of magnitude enhancement is possible
in the branching ratio of KL → pi0νν¯. Further, the complex tcZ coupling can also provide large
enhancements in many CP violating angular observable in B → (K,K∗)µ+µ− decay.
I. INTRODUCTION
The currently running LHC has not only discovered the only missing particle of the Standard Model (SM) - the
Higgs boson but also provided many smoking gun signatures of new physics (NP). These measurements are of the
observables related to the decays induced by the quark level transition b→ s µ+ µ−: 1
• In 2014, the LHCb collaboration reported the measurement of the ratio RK ≡ Γ(B+ → K+ µ+ µ−)/Γ(B+ →
K+ e+ e−) to be 0.745+0.090−0.074 ± 0.036. This measurement was performed in the low dilepton invariant mass-
squared q2 range (1.0 ≤ q2 ≤ 6.0 GeV2) [1]. The SM prediction of this ratio is ' 1 [2, 3]. Thus the measurement
deviates from the SM value by 2.6 σ. Recently in Moriond’19, LHCb has updated the measurement of RK from
the Run-II data. The updated value of RK is 0.846
+0.060+0.016
−0.054−0.014 [4] which is still ' 2.5 away from the SM. This
measurement is considered to be an indication of lepton flavor universality violation in the b→ sl+l− sector.
• The measurement of RK was further corraborated by the measurement of RK∗ ≡ Γ(B0 → K∗0µ+µ−)/Γ(B0 →
K∗0e+e−). This ratio was measured in the low (0.45 ≤ q2 ≤ 1.1 GeV2) and well as in the central (1.1 ≤ q2 ≤
6.0 GeV2) q2 bins. The measured values are 0.660+0.110−0.070(stat.)± 0.024(syst.) for low q2 and 0.685+0.113−0.069(stat.)±
0.047(syst.) for central q2 [5]. These measurements differ from the SM prediction, again of order ' 1 [2, 3], by
2.2− 2.4σ and 2.4− 2.5σ, in the low and central q2 regions, respectively. In Moriond’19, the Belle collaboration
has published their first measurements of RK∗ in both B
0 and B+ decays. These measurements are reported in
multiple q2 bins and have comparatively large uncertainties. Hence the discrepancy in RK∗ still stands at 2.4σ
level [6]. The measurements of RK(∗) could be an indication of presence of NP in b→ sµ+µ− and/or b→ se+e−
sector.
• The experimentally measured values of some of the angular observables in B → K∗µ+µ− [7–9] do not agree
with their SM predictions [10]. In particular, the angular observable P ′5 disagrees with the SM at the level of
4σ in the q2 bin 4.3 − 8.68 GeV2. This disagreement is confirmed by the recent ATLAS [11] and CMS [12]
measurements. Further, the measured value of the branching ratio of Bs → φµ+µ− [13, 14] disagrees with the
SM prediction at the level of of 3σ. The discrepancies in P ′5 and the branching ratio of Bs → φµ+µ− can be
attributed to the presence of NP in b → s µ+ µ− sector only. Hence it would be natural to account for all of
these anomalies by assuming NP only in b → sµ+µ− transition. In recent times, many groups have identified
the Lorentz structure of new physics which can account for all measurenets in the b→ s µ+ µ− sector [15, 16].
∗Electronic address: suman@phy.iitb.ac.in
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1 Apart from introducing new anomalies in b → s µ+ µ− sector, the LHC reinforced the prevailing anomalies in the decays incuded by
b → cτν transition. A series of experiments performed by BaBar [17, 18], Belle [19–22] indicated an excess in the values of the ratios
RD(∗) = Γ(B → D(∗) τ ν¯)/Γ(B → D(∗) e/µ ν¯) over their SM predictions. This was corroborated by the LHCb measurements [23, 24].
Refs. [25–30] identified new physics operators which can account for RD(∗) measurements.
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2Apart from the decays of B meson, the top quark decays are particularly important for hunting physics beyond the
SM. As it is the heaviest of all the SM particles, it is expected to feel the effect of NP most. Also, LHC is primarily a
top factory producing abundant top quark events. Hence one expects the observation of possible anomalous couplings
in the top sector at the LHC. The flavor changing neutral current (FCNC) top quark decays, such as t→ qZ (q = u, c),
are highly suppressed within the SM owing to the GIM mechanism. The SM predictions for the branching ratios of
t→ uZ and t→ cZ decays are ∼ 10−17 and 10−14, respectively [31, 32], and are probably immeasurable at the LHC
until NP enhances their branching ratios up to the detection level of LHC. The present upper bound on the branching
ratio of t→ cZ is 2.4× 10−4 [33] at 95% C.L from ATLAS collaboration. Thus the observation of any of the FCNC
top quark decays at the LHC would imply discovery of NP.
The possible NP effects in the top FCNC decays have been incorporated in a model independent way within
different theoretical frameworks, see for e.g., [34–45]. In this work we study the effects of anomalous couplings in the
t→ cZ decay using effective field theory approach. The presence of anomalous top quark couplings may enhance the
branching ratio of t → cZ decay. Such couplings would also affect the loop level processes involving the top quark,
and hence has the potential to affect rare B and K meson decays via the Z penguin diagrams.
In this work we use measurements of (i) all CP conserving observables in b → sµ+µ− sector, (ii) the branching
ratio of B+ → pi+µ+µ− and Bd → µ+µ− and (iii) the branching fraction of K+ → pi+ ν ν¯ to perform a combined fit
to the anomalous tcZ coupling. In doing the analysis, we consider the coupling to be real as well as complex. For the
complex tcZ coupling, we find that the 2σ upper bound of the branching ratio of t→ cZ is 2.14×10−4. Then we look
for other flavor signatures of this anomalous tcZ coupling. In particular, we examine branching ratio of KL → pi ν ν¯
and various CP violating angular observables in B → (K,K∗)µ+ µ−. We find that the complex tcZ coupling can
give rise to large enhancements to various CP violationg observables.
This paper is organised as follows. In sec. II, we describe the effect of tcZ coupling on rare B and K decays. In
sec. III, we discuss about the methodology used to do the fit. In sec. IV, we provide the results and discuss about
them. We present our conclusions in sec. V.
II. EFFECT OF ANOMALOUS t→ cZ COUPLINGS ON RARE B AND K DECAYS
The effective tcZ Lagrangian can be written as [46]
LtcZ = g
2 cos θW
c¯γµ
(
gLctPL + g
R
ctPR
)
tZµ +
g
2 cos θW
c¯
iσµνpν
MZ
(
κLctPL + κ
R
ctPR
)
tZµ + h.c., (1)
where PL,R ≡ (1∓ γ5)/2 and gL,Rct and κL,Rct are NP couplings.
The rare B meson decays induced by the quark level transitions, such as b → s l+ l− and b → d l+ l− along with
rare K meson decays induced by the quark level transition, such as s→ dνν¯, occur only at the loop level within the
SM and hence are highly suppressed. Within the SM, these processes are dominated by box and Z penguin diagrams.
The anomalous tcZ couplings can enter into the Z penguin diagrams and hence has the potential to affect these
decays. Therefore these decays can be used to constrain anomalous t→ cZ coupling.
Let us now consider the contribution of anomalous tcZ couplings to the rare B decays induced by the quark level
transition b→ s µ+ µ−. The effective Hamiltonian for the quark-level transition b→ s µ+ µ− in the SM can be written
as
Heff = −4GF√
2
V ∗tsVtb
10∑
i=1
Ci(µ)Oi(µ) , (2)
where the form of the operators Oi are given in ref. [47]. The effective tcZ vertices, given in eq. (1), affect b→ s µ+ µ−
transition through the Z penguin diagrams. There are two such diagrams, one of which is proportional to VtbV
∗
cs
whereas the other is proportional to VcbV
∗
ts. As VtbV
∗
cs ∼ O(1) and VcbV ∗ts ∼ O(λ4), the dominant contribution comes
from the diagram proportional to VtbV
∗
cs and the contribution from the other diagram can be safely neglected. This
contribution modifies the Wilson coefficients (WCs) C9 and C10. The NP contributions to these WCs are [43]
Cs,NP9 = −Cs,NP10 = −
1
8 sin2 θW
V ∗cs
V ∗ts
[(
−xt ln M
2
W
µ2
+
3
2
+ xt − xt lnxt
)
gLct
]
, (3)
with xt = m¯
2
t/M
2
W . Here the right handed coupling, g
R
ct, is neglected as it is suppressed by a factor of m¯c/MW .
The NP contributions to C9, 10 have been calculated in the unitary gauge with the modified minimal subtraction
(MS) scheme [43]. It is found that the NP tensors operators, defined in the effective Lagrangian Eq. (1), do not
3GF = 1.16637× 10−5 Gev−2 τBd = (1.519± 0.007) ps
sin2 θw = 0.23116 τB+ = 1.638± 0.004 ps
α(MZ) =
1
129
fBd = (190± 1.3) MeV [48]
αs(MZ) = 0.1184 κ+ = (5.36± 0.026)× 10−11 [49]
mt(mt) = 163 GeV κL = (2.31± 0.01)× 10−10
MW = 80.385 GeV λ = 0.225± 0.001 [50]
MZ = 91.1876 GeV A = 0.826± 0.012 [50]
MBd = 5.27917 GeV ρ¯ = 0.148± 0.013 [50]
MB+ = 5.27932 GeV η¯ = 0.348± 0.010 [50]
mµ = 0.105 GeV
TABLE I: Decay constants, bag parameters, QCD corrections and other parameters used in our analysis. When not
explicitly stated, they are taken from the Particle Data Group [51].
contribute to C9, 10. Further, the contribution from the q
αqβ/M2W part of the W propagator is ultraviolet divergent.
Consequently, logarithms ln(M2W /µ
2) appear in CNP9, 10 which remain after applying the MS prescription for absorbing
the divergences by some counterterms [39].
The effective Hamiltonian for the process b→ dµ+ µ− can be obtained from eq. (2) by replacing s by d. The con-
tribution of anomalous tcZ coupling to b→ dµ+ µ− transition modifies the WCs C9 and C10. The new contributions
to these WCs are
Cd,NP9 = −Cd,NP10 = −
1
8 sin2 θW
V ∗cd
V ∗td
[(
−xt ln M
2
W
µ2
+
3
2
+ xt − xt lnxt
)
gLct
]
. (4)
Here we have neglected the contributions from right handed coupling, gRct, which is suppressed by a factor of m¯c/MW .
Further, the contribution due to the CKM suppressed Feynman diagram is also neglected.
We now consider NP contribution to s→ d νν¯ transition. In this case, the CKM contribution from both the diagrams
is of the same order, O(λ3), and hence we include both of them in our analysis. The K+ → pi+ νν¯ decay is the only
observed decay channel induced by the quark level transition s¯ → d¯ νν¯. Unlike other K decays, the SM prediction
for the branching ratio of K+ → pi+ νν¯ is under good control as the long distance contribution to B(K+ → pi+νν¯) is
about three orders of magnitude smaller than the short-distance contribution [52, 53]. The effective Hamiltonian for
K+ → pi+ νν¯ in the SM can be written as
Heff = GF√
2
α
2pi sin2 θW
∑
l=e,µ,τ
[
V ∗csVcdX
l
NL + V
∗
tsVtdX(xt)
]× (s¯d)V−A(ν¯lνl)V−A (5)
where X lNL and X(xt) are the structure functions corresponding to charm and top sector, respectively [47, 54, 55].
The contribution of anomalous tcZ coupling to s¯→ d¯ νν¯ transition then modifies the structure function X(xt) in the
following way
X(xt)→ Xtot(xt) = X(xt) +XNP , (6)
where
X(xt) = ηX
xt
8
[
2 + xt
xt − 1 +
3xt − 6
(1− xt)2 lnxt
]
, (7)
XNP = −1
8
(
VcdV
∗
ts + VtdV
∗
cs
VtdV ∗ts
)(
−xt ln M
2
W
µ2
+
3
2
+ xt − xt lnxt
)
(gLct)
∗ . (8)
Here ηx = 0.994 is the NLO QCD correction factor.
III. CONSTRAINTS ON THE ANOMALOUS tcZ COUPLINGS
In order to obtain the constraints on the anomalous tcZ coupling gLct, we perform a χ
2 fit using all measured
observables in B and K sectors. The χ2 fit is performed using the CERN minimization code MINUIT [56]. The total
4χ2 is written as a function of two parameters: Re(gLct), and Im(g
L
ct). The χ
2 function is defined as
χ2total = χ
2
b→s µ+ µ− + χ
2
b→d µ+ µ− + χ
2
s→dνν¯ . (9)
In our analysis, χ2 of an observable A is defined as
χ2A =
(
A−Acexp
Aerrexp
)2
, (10)
where the measured value of A is (Acexp ±Aerrexp).
In the following subsections, we discuss the individual components of the function χ2total, i.e the χ
2 of different
observables which are being used as inputs.
A. Constraints from b→ s µ+ µ− sector
The quark level transition b→ s µ+ µ− induces inclusive and exclusive semi-leptonic B decays along with the purely
leptonic B¯s → µ+µ− decay. In our analysis we include following observables:
1. The branching ratio of Bs → µ+µ− which is (3.1± 0.7)× 10−9 [57].
2. The new updated value of RK [4], the RK∗ measured by LHCb [5] and the new measurements of RK∗ by
Belle [6], published at Moriond’19.
3. The differential branching ratio of B0 → K∗0µ+µ− measured in various q2 bins [58–61].
4. Various angular observables in B0 → K∗0µ+µ− [8, 11, 12, 59, 61].
5. The differential branching ratio of B+ → K∗+µ+µ− in various q2 bins [59, 62].
6. The differential branching ratio of B0 −→ K0µ+µ− in various q2 bins [59, 62].
7. The differential branching ratio of B+ −→ K+µ+µ− in several q2 bins [59, 62].
8. The measurements of the angular observables and the differential branching ratio of B0s → φµ+µ− [14].
9. The experimental measurements for the differential branching ratio of B → Xsµ+µ− [14].
In the context of anomalous tcZ couplings, the WCs are related as Cs,NP9 = −Cs,NP10 . Hence we can use the above
b→ sµ+µ− observables to obtain constraints on Cs,NP9,10 . The fit values thus obtained can be used to constrain gLct.
The χ2 function for all b→ sµ+µ− observables listed above is defined as
χ2(Ci) = (Oth(Ci)−Oexp)T C−1 (Oth(Ci)−Oexp) (11)
where Oth(Ci) are the theoretical predictions of b → sµ+µ− observables which are calculated using flavio [63] and
Oexp are the corresponding experimental measurements. The total covariance matrix C is obtained by adding the
individual theoretical and experimental covariance matrices. Assuming the WCs Ci to be real, we obtain C
NP
9 =
−CNP10 = −0.51± 0.09. For complex WCs, we get CNP9 = −CNP10 = (−0.56± 0.26) + i(0.55± 1.36).
We can now define the χ2 corresponding to b→ sµ+µ−. For real gLct coupling, we have
χ2b→sµ+µ− =
(Cs,NP9 + 0.51
0.09
)2
(12)
For complex gLct couplings, the χ
2 function can be written as
χ2b→sµ+µ− =
(Re(Cs,NP9 ) + 0.56
0.26
)2
+
(Im(Cs,NP9 )− 0.55
1.36
)2
(13)
5B. Constraints from b→ dµ+ µ− sector
The quark level transition b → dµ+ µ− gives rise to inclusive semi-leptonic decay B¯ → Xd µ+ µ− and exclusive
semi-leptonic decay such as B¯ → (pi0, ρ)µ+ µ−. However, so far, none of these decays have been observerd. We only
have an upper bound on their branching ratios [64, 65]. However, LHCb has observed the B+ → pi+ µ+ µ− decay,
which is induced by b → dµ+ µ− transition, with measured branching ratio of (2.3 ± 0.6 ± 0.1) × 10−8 [66]. This is
the first measurement of any decay channel in b→ dµ+ µ− sector.
The theoretical expression for B(B+ → pi+ µ+ µ−) in the presence of anomalous tcZ coupling can be obtained from
Ref. [67] by replacing the WCs C9, 10 by that given in eq. (4). The contribution to χ
2
total is
χ2B+→pi+ µ+ µ− =
(B(B+ → pi+ µ+ µ−)− 2.3× 10−8
0.66× 10−8
)2
, (14)
where, following ref. [67], a theoretical error of 15% is included in B(B+ → pi+ µ+ µ−). This error is mainly due to
uncertainties in the B+ → pi+ form factors [68].
We also include the constraint from Bd → µ+µ− decay. The branching ratio of Bd → µ+ µ− in the presence of
anomalous tcZ coupling is given by
B(Bd → µ+ µ−) =
G2Fα
2MBdm
2
µf
2
Bd
τBd
16pi3
|VtdV ∗tb|2
√
1− 4(m2µ/M2Bd)
∣∣∣C10 + Cd,NP10 ∣∣∣2 . (15)
In order to include B(Bd → µ+ µ−) in the fit, we define
Blepd =
16pi3B(Bd → µ+ µ−)
G2Fα
2MBdm
2
µf
2
Bd
τBd |VtdV ∗tb|2
√
1− 4(m2µ/M2Bd)
. (16)
Using the inputs given in Table I and B(Bd → µ+ µ−)exp = (3.9± 1.6)× 10−10 [57] , we get
Blepd,exp = 60.83± 25.18. (17)
The contribution to χ2 from B(Bd → µ+ µ−) is then
χ2Bd→µ+µ− =
(Blepd − 60.83
25.18
)2
. (18)
Thus we have,
χ2b→d µ+ µ− = χ
2
B+→pi+ µ+ µ− + χ
2
Bd→µ+µ− . (19)
C. Constraints from s→ d νν¯ sector
The branching ratio of K+ → pi+νν¯, the only measurement in this sector, in the presence of anomalous tcZ coupling
is given by
B(K+ → pi+νν¯)
κ+
=
(
Re(VcdV
∗
cs)
λ
Pc(X) +
Re(VtdV
∗
ts)
λ5
Xtot(xt)
)2
+
(
Im(VtdV
∗
ts)
λ5
Xtot(xt)
)2
, (20)
where Pc(X) = 0.38± 0.04 [69] is the NNLO QCD-corrected structure function in the charm sector and
κ+ = rK+
3α2B(K+ → pi0e+ν)
2pi2 sin4 θW
λ8 . (21)
Here rK+ = 0.901 encapsulates the isospin-breaking corrections in relating the branching ratio of K
+ → pi+νν¯
to that of the well-measured decay K+ → pi0e+ν. Xtot(xt) is given in eq. (6). With inputs used in table I and
B(K+ → pi+νν¯)exp, we estimate
B(K+ → pi+νν¯)
κ+
= 3.17± 2.05 , (22)
6In order to include B(K+ → pi+νν¯) in the fit, we define
χ2K+→pi+νν¯ =
(B(K+ → pi+νν¯)/κ+ − 3.17
2.05
)2
+
(Pc(X)− 0.38
0.04
)2
. (23)
Thus, the error on Pc(X) has been taken into account by considering it to be a parameter and adding a contribution
to χ2total.
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FIG. 1: (Color Online) Allowed parameter space for the complex tcZ coupling.
IV. RESULTS AND DISCUSSIONS
The fit results for real and complex tcZ couplings are presented in Table II. The allowed 1 and 2 σ parameter space
for the complex tcZ coupling is presented in Fig.1.
Real coupling Complex coupling
gctL = (−7.04± 1.28)× 10−3 Re(gctL ) = (−7.63± 3.69)× 10−3; Im(gctL ) = (1.87± 1.02)× 10−2
TABLE II: Values of anomalous tcZ couplings.
A. B(t→ cZ)
The branching ratio of t→ cZ is defined as [35, 37, 70]
B(t→ cZ) = Γ(t→ cZ)
Γ(t→ bW ) , (24)
where, the leading-oder (LO) decay width of t→ bW is given as [71]
Γ(t→ bW ) = GFm
3
t
8
√
2pi
|Vtb|2β4W (3− 2β2W ), (25)
with βW = (1−m2W /m2t )1/2, being the velocity of the W boson in the top quark rest frame. On the other hand, the
LO decay width of t→ cZ can be written as [35, 37, 70]
Γ(t→ cZ) = GFm
3
t
8
√
2pi
|gctL |2 + |gctL |2
2
β4Z(3− 2β2Z), (26)
7where βZ = (1−m2Z/m2t )1/2, the velocity of the Z boson in the top quark rest frame.
Using the fit results, we find that for real tcZ coupling, B(t → cZ) = (0.90 ± 0.33) × 10−5. For complex tcZ
coupling, 2σ upper bound on the branching ratio is 2.14 × 10−4 which could be measured at the LHC. In fact this
is very close to the present upper bound from ATLAS [72] and CMS [73]. Thus the observation of t → cZ at the
level of 10−4 would not only be an indication of anomalous tcZ coupling but could also imply that these couplings
are complex. If such tcZ complex couplings are present then it should also show its presence in other decays. In the
following we study the impact of this coupling on various CP -violating observables related to the rare decays of K
and B mesons. It would be interesting to see whether large deviations are possible in some of these observables.
B. B(KL → pi0 ν ν¯)
The branching ratio of KL → pi0 ν ν¯ is a purely CP violating quantity, i.e., it vanishes if CP is conserved. The SM
branching ratio is predicted to be (2.90± 0.40)× 10−11. As this process is highly suppressed in the SM, it is sensitive
to new physics. The preset upper bound on B(KL → pi0 ν ν¯) is 2.6 × 10−8 [74] at 90% C.L. which is about three
orders of magnitude above the SM prediction. Hence a possibility of large new physics contribution to this process is
still allowed.
Within the SM, KL → pi0 ν ν¯ decay is dominated by loop diagrams with top quark exchange. Hence anomalous
tcZ coupling can modify its branching ratio. The branching ratio of KL → pi0 ν ν¯ in the presence of tcZ coupling is
given by
B(KL → pi0 ν ν¯) = κL
[
Im (V ∗tsVtdX
tot(xt))
λ5
]2
, (27)
where Xtot(xt) is given in Eq. (6).
Using fit result for the complex tcZ coupling, we get Br(KL → pi0νν¯) = (9.88±5.96)×10−11. The 2σ upper bound
on B(KL → pi0 ν ν¯) is obtained to be ≤ 2.18 × 10−10. Thus the anomalous tcZ couplings can provide an order of
magnitude enhancement in the branching ratio of KL → pi0 ν ν¯.
C. CP violating observables in B → (K∗, K)µ+ µ−
Within the SM, the CP violating observables in b → s µ+ µ− are highly suppressed. The complex tcZ coupling
can give rise to additional phase for CP violation, which can affect several CP violating observables in b→ s µ+ µ−
sector. Here, we study various CP violating observables in B → (K∗, K)µ+ µ− decays in the presence of complex
anomalous tcZ couplings. The four fold angular distribution of the decay B¯0 → K¯∗0(K−pi+)µµ can be described by
the kinematical variables q2, θK , θl and φ [75]
d4Γ(B¯0 → K¯∗0(Kpi)µµ)
dq2 d cos θl d cos θK dφ
=
9
32pi
I(q2, θl, θK , φ), (28)
where
I(q2, θl, θK , φ) = I
s
1 sin
2 θK + I
c
1 cos
2 θK + (I2s sin
2 θK + I
c
2 cos
2 θK) cos 2θl + I3 sin
2 θK sin
2 θl cos 2φ
+I4 sin 2θK sin 2θl cosφ+ I5 sin 2θK sin θl cosφ+ (I
s
6 sin
2 θK + I
c
6 cos
2 θK) cos θl
+I7 sin 2θK sin θl sinφ+ I8 sin 2θK sin 2θl sinφ+ I9 sin
2 θK sin
2 θl sin 2φ. (29)
The corresponding full angular distribution of the CP-conjugate decay B0 → K∗0(K+pi−)µµ can be obtained by
replacing the angular coefficients I1,2,3,4,7 → I¯1,2,3,4,7 and I5,6,8,9 → I¯5,6,8,9 in Eq. 28 and I¯i is equal to Ii with all
weak phase conjugated.
The CP-violating observables are defined as
Ai =
Ii − I¯i
d(Γ + Γ¯)/dq2
(30)
These asymmetries are largely suppressed in SM because of the small weak phase of CKM and hence they are
sensitive to complex NP couplings. These symmetries can get significant contribution from the NP in the presence of
CP-violating phase [76, 77].
8FIG. 2: (Color Online) The plots depicts various CP violating observables in B → (K∗, K)µ+ µ− decays.
The predictions for CP violating asymmetries Ai in the presence of complex anomalous tcZ couplings are shown in
fig. 2. In ref. [78], it was shown that the asymmetries A3 and A9 are very sensitive to the chirally flipped operators.
In the present scenario, there is no chirally flipped operator contribution and hence large enhancement is not expected
in these asymmetries. This can also be seen from our results. The asymmetry A7 can be enhanced upto 20% whereas
enhancement in A8 can be upto 10% in the low-q
2 region. We also find that large entrancement is not possible in
the direct-CP asymmetries in B → Kµ+µ− and B → K∗µ+µ−.
V. CONCLUSIONS
The FCNC decays of top quark are considered as a reliable probe to physics beyond SM. Although these transitions
are highly suppressed in the SM, but the promising new physics contibutions can enhance them to the observation
level of current collider experiments. In this work, we investigate the anomalous t → cZ coupling in a purely model
independent way. We use all relevant measurements in B and K meson systems to constrain the new physics parameter
space by considering both real and complex tcZ couplings. Finally, we provide the predictions for branching ratio
of t → cZ, branching ratio of KL → pi0νν¯ and various CP violating obervables in B → (K,K∗)µ+µ− decays. Our
finding are followings:
• For real tcZ coupling, the 2σ upper bound on the branching ratio of t→ cZ is 1.56× 10−5, whereas that for the
complex coupling is 2.14 × 10−4. The current experimental upper bound on the branching ratio of t → cZ is
2.4×10−4. Hence, any future measurement of this branching ratio at the level of 10−4 would imply the coupling
to be complex.
• The complex tcZ coupling provide an interesting signature in the case of CP violating decay KL → pi0νν¯. We
9find that the 2σ upper bound on the branching ratio of this decay is 2.18× 10−10, an order of magnitude higher
than its SM prediction.
• The complex tcZ couplings can provide large enhancements in various CP violating observables in B →
K∗ µ+ µ− decay.
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